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In the last decade the effect of oral health on the general health andmortality of elderly people has attracted attention.We explored
the association of dental health behaviors and dentition on all-cause mortality in 5611 older adults followed from 1992 to 2009
(median = 9 years) and calculated risk estimates using Cox regression analysis in men and women separately. Toothbrushing at
night before bed, using dental floss everyday, and visiting the dentist were significant risk factors for longevity. Never brushing at
night increased risk 20–35% compared with brushing everyday. Never flossing increased risk 30% compared with flossing everyday.
Not seeing a dentist within the last 12 months increased risk 30–50% compared with seeing a dentist two or more times. Mortality
also increased with increasing number of missing teeth. Edentulous individuals (even with dentures) had a 30% higher risk of
death compared with those with 20+ teeth. Oral health behaviors help maintain natural, healthy and functional teeth but also
appear to promote survival in older adults.
1. Introduction
Only in the last decade has the possible effect of oral health
on the general health and mortality of elderly people
attracted much attention. An association between number
of teeth and mortality has been reported in several studies
[1–11]. As people age, many lose teeth. Tooth loss reduces
masticatory capacity, which can influence food selection,
nutritional status, and general health. Evidence is also in-
creasing that oral infections play a role in the pathogenesis
of some systemic diseases and may be especially debilitating
in the old and frail [12, 13].
The focus of the present study was to examine the possi-
ble role not only of dentition status, especially the number
of natural teeth and use of dentures, but also of dental
health practices as predictors of mortality in elderly men
and women. In addition, we wanted to determine if any
observed effects would remain after adjusting for other
health and lifestyle factors related to mortality. We hypoth-
esized that more teeth and better dental health be-
haviors would be related to increased longevity. We report
here the results in a large cohort (over 5000) of elderly
(median age 81 years) men and women followed for 17 years.
2. Materials and Methods
The Leisure World Cohort Study was established in the early
1980s when 13,978 (8877 female and 5101 male) residents of
a California retirement community (Leisure World Laguna
Hills) completed a postal health survey. Residents were
recruited in four waves: those who owned homes in Leisure
World on June 1, 1981; new residents who had moved into
the community and were living there on June 1, 1982; on
June 1, 1983; on October 1, 1985. The population and the
cohort are mostly Caucasian, well educated, upper-middle
class, and elderly.
The baseline survey asked demographic information
(birth date, sex, marital status, number of children, height,
and weight), brief medical history (high blood pressure,
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angina, heart attack, stroke, diabetes, rheumatoid arthritis,
fractures after age 40, cancer, gallbladder surgery, glau-
coma, and cataract surgery), medication use (hypertensive
medication, digitalis, and nonprescription pain medication),
personal habits (cigarette smoking, exercise, alcohol con-
sumption, and vitamin supplement use), and beverage intake
(milk, regular coffee, decaffeinated coffee, black or green tea,
and soft drinks).
2.1. Dental Health Status and Behaviors. We mailed a
follow-up survey to the 8403 cohort members still alive
on November 1, 1992. Emphasis was placed on questions
regarding dental health, focusing on the number of natural
teeth, dentures worn, number of visits to a dentist, and oral
health habits. Participants were asked to indicate how often
they did the following: “brush my teeth in the morning,
brush my teeth at night before bed, brush my teeth during
the day, clean my dentures, use dental floss, use mouth
wash, and use a tooth pick” with the response categories of
everyday, sometimes, never. The survey was returned by 6173
cohort members (73%).We were unable to contact 13 cohort
members and another 384 (5%) died within one year of the
mailing. Of those returning the survey, 487 did not indicate
the number of teeth or provide information on any dental
health practice and were eliminated from the analyses.
Jackson and Murray suggested 16 teeth as the lowest
acceptable number of natural teeth in persons older than 60
years for adequate masticatory function [14]. We used this
categorization with the additional division of 16+ teeth into
16–25 and 26+ teeth. This was further refined to 10 teeth in
the upper jaw and six in the lower jaw [15].We used this latter
criteria to classify our subjects into two groups: those with
or without adequate natural dentition. Other studies have
defined adequate dental status as at least 20 teeth [2], and
we used this as an alternative definition, further classifying
those with fewer than 20 teeth as wearing dentures or not.
2.2. Lifestyle Factors. Information on the lifestyle factors
came from the original health survey completed in the early
1980s. We previously reported the effects of several lifestyle
practices on all-cause mortality in this cohort [16–20]. Other
studies have shown that body mass index and obesity [21,
22], smoking [23–25], alcohol consumption [25, 26], and
coffee intake [26] are related to the number of teeth.
Based on their reported smoking history we classified
participants as never, past, or current smokers [16].
Consumption of alcoholic beverages was asked separately
for wine (4 oz), beer (12 oz), and hard liquor (1 oz), each
equivalent to about 1/2 oz of alcohol. Response choices for
average weekday consumption were never drink, less than 1,
1, 2, 3, and 4 or more drinks. Total alcohol intake per day
was calculated by summing the number of drinks consumed
of each type [17]. Individuals were then categorized into four
groups: 0, <1, 2-3, and 4+ drinks/day.
We estimated daily caffeine intake by summing the
frequency of consumption of each beverage and chocolate
multiplied by its average caffeine content (mg/standard unit)
as 115, 3, 50, 50, and 6 for regular coffee, decaffeinated
coffee, tea, cola soft drinks, and chocolate, respectively [18].
Caffeine intake was categorized as <50, 50–99, 100–199, 200–
399, 400+mg/day.
The amount of time spent on physical activities was
ascertained by asking the amount of time spent in active and
other (less physically demanding) activities. Activities were
categorized as 0, ≤1/2, 3/4–1, 2+ hours/day for active
activities and <2, 2-3, 4-5, 6+ hours/day for other activities
[19].
Body mass index (weight (kg)/height (m)2) was calcu-
lated based on self-reported height and weight at baseline
and categorized according to federal guidelines: underweight
(<18.5), normal weight (18.5–24.9), overweight (25–29.9),
and obese (30+) [20, 27].
2.3. Determination of Outcome. Followup of the cohort is
maintained by periodic resurvey and determination of vital
status by search of governmental and commercial death
indexes and ascertainment of death certificates. Participants
were followed to death or December 31, 2009, whichever
came first. To date, 40 cohort members have been lost to
followup; search of death indices did not reveal that these
individuals were deceased.
2.4. Statistical Analysis. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were obtained using Cox proportional
hazard regression analysis [28]. For the Cox models, chrono-
logical age was used as the fundamental time scale with
study entry being age in 1992 when the dental health survey
was completed and the event of interest being age at death.
Because women differ from men on many of the dental and
potential confounding variables, women live longer on aver-
age than men, and for comparison with other studies which
stratified by sex, we performed separate analyses for men
and women. HRs were calculated for dental status and each
dental health behavior adjusted for age (continuous) and
then additionally adjusted for lifestyle variables plus seven
separate histories (no, yes) of hypertension, angina, heart
attack, stroke, diabetes, rheumatoid arthritis, and cancer,
previously found to be significant risk factors for death in this
cohort [16–20]. For some dental health behaviors separate
analyses were done for subjects with teeth and for subjects
with dentures. Statistical analyses were performed using SAS
version 9.2 (SAS Institute Inc., Cary, NC). No adjustment in
the P values was made for multiple comparisons.
Previous reports present details of the methods and
validity of exposure and outcome data [16–20, 29–31]. The
Institutional Review Boards of the University of Southern
California and the University of California, Los Angeles
approved the study.
3. Results
After excluding 65 subjects with missing covariates, we
analyzed data on 5611 subjects (3847 women and 1764men).
At study entry, the participants ranged in age from 52 to 105
years (median, 81 years). By December 31, 2009, the subjects
had contributed 52,441 person-years of followup (median 9
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Table 1: Characteristics of the cohort by sex.
Men Women
Number 1764 3847
Mean SD Mean SD
Age at time of dental survey (years) 81 6.5 80 7.1
Age at last followup (years) 89 5.9 90 6.2
Followup years 8.2 5.2 9.9 5.3
At time of original survey (1981–1985):
Active activities (hrs/day) 1.2 1.3 1.1 1.2
Other activities (hrs/day) 3.9 2.8 4.8 2.7
Alcohol (drinks/day) 1.7 1.5 1.3 1.2
Caffeine (mg/day) 190 176 182 169
Body mass index (kg/m2) 25 2.7 24 3.5
Number of natural teeth 19.0 10.5 20.5 9.9
No. % No. %
Medical history
High blood pressure 572 32 1367 36
Angina 192 11 275 7.1
Heart attack 212 12 154 4.0
Stroke 58 3.3 63 1.6
Cancer 99 5.6 444 12
Diabetes 101 5.7 134 3.5
Rheumatoid arthritis 58 3.3 216 5.6
Smoke
Never 651 37 2065 54
Past 980 56 1320 34
Current 133 7 462 12
Dentures 924 52 1703 44
Deceased by December 31, 2009 1588 90 3165 82
years), and 4753 had died. Age at death ranged from 64 to
108 years (median, 90 years).
Table 1 presents selected characteristics for the partici-
pants by sex. Differences between males and females were
highly statistically significant (P < .01) for all variables except
age at study entry (P = .32) and caffeine (P = .11). The
median number of teeth in cohort members was 24 (range
0–32, mean 20) and nearly half had dentures. Men tended to
have fewer teeth than women (median 23 versus 24) and had
a greater frequency of denture use. Only 11% of the cohort
was edentulous.
Table 2 shows the age-adjusted and mutivariable-ad-
justed HRs of all-cause mortality for number of teeth and
the various definitions of adequate dentition for women
and men, separately. Adjustment for potential confounders
had limited effect, generally attenuating the observed HRs.
Number of natural teeth was related to longevity in bothmen
and women. Edentulous individuals had a 30% higher risk of
death than subjects with 26–32 teeth; those with 1–15 teeth
had a 20% higher risk. Compared with those with adequate
natural masticatory function (10+ upper teeth and 6+ lower
teeth), those with inadequate function had over a 15% in-
creased risk of death. Ninety percent of subjects with inad-
equate natural masticatory function had dentures. Among
women with inadequate natural masticatory function, those
without dentures had a somewhat higher (not significant)
risk of death than those with dentures. Nodifference was seen
in men.
Table 3 shows the HRs for the dental health behaviors
in individuals with teeth. Daily tooth brushing at night
before bed and flossing significantly decreased risk of death
while using a tooth pick or mouth wash did not. Both in-
dividuals who never brushed at night and those who never
flossed had a 20–30% increased mortality risk compared to
those who brushed at night or flossed everyday, respectively.
Those who reported not brushing their teeth daily had a
41–91% increased risk of death compared with those who
brushed three times daily—in the morning, during the day
and at night. Brushing at night was the most significant
tooth brushing variable. Risk was similar for those brushing
at night everyday whether or not they brushed daily in
the morning or during the day. Individuals who everyday
brushed in the morning or during the day but not everyday
at night had a 13–26% increased risk.
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Table 2: Hazard ratios for mortality by dental status, Leisure World Cohort Study, 1992–2009.
Men Women
No.
Model 1∗ Model 2∗
No.
Model 1∗ Model 2∗
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Number of natural teeth
26–32 659 1.00 1.00 1709 1.00 1.00
16–25 541 1.04 0.92–1.18 1.03 0.91–1.17 1131 1.01 0.93–1.10 0.97 0.89–1.06
1–15 343 1.22 1.07–1.41 1.21 1.05–1.40 627 1.23 1.11–1.36 1.17 1.06–1.30
0 221 1.33 1.13–1.56 1.18 1.00–1.39 380 1.30 1.15–1.47 1.21 1.07–1.37
Number of natural teeth
20–32 1053 1.00 1.00 2551 1.00 1.00
1–19 490 1.11 0.99–1.25 1.09 0.97–1.23 916 1.19 1.10–1.30 1.15 1.06–1.25
(i) Dentures—
yes
446 1.12 1.00–1.30 1.10 0.98–1.24 809 1.19 1.09–1.30 1.15 1.05–1.25
(ii) Dentures—
no
44 1.03 0.75–1.40 1.01 0.74–1.39 107 1.21 0.99–1.49 1.16 0.95–1.43
0 221 1.29 1.11–1.51 1.15 0.98–1.34 380 1.31 1.16–1.47 1.24 1.10–1.39
Adequate masticatory function: 10+ upper teeth and 6+ lower teeth
Yes 1017 1.00 1.00 2498 1.00 1.00
No 747 1.16 1.05–1.29 1.12 1.01–1.24 1349 1.22 1.13–1.31 1.17 1.08–1.26
(i) Dentures—
yes
680 1.16 1.05–1.29 1.11 1.00–1.24 1205 1.21 1.12–1.30 1.16 1.07–1.25
(ii) Dentures—
no
67 1.18 0.91–1.52 1.19 0.92–1.55 144 1.33 1.12–1.59 1.25 1.05–1.50
Dentures
None 766 1.00 1.00 1786 1.00 1.00
Partial or partial
plus one jaw full
711 1.08 0.97–1.21 1.06 0.95–1.18 1359 1.08 1.00–1.17 1.05 0.97–1.14
Full upper and
lower
213 1.29 1.10–1.51 1.14 0.96–1.34 344 1.22 1.08–1.38 1.14 1.01–1.30
Unknown 74 1.25 0.97–1.60 1.27 0.99–1.64 358 0.94 0.83–1.07 0.92 0.81–1.04
∗
Model 1: adjusted for age at entry.
Model 2: adjusted for age at entry, smoking, alcohol, caffeine, active activities, other activities, body mass index, high blood pressure, angina, heart attack,
stroke, diabetes, rheumatoid arthritis, and cancer.
To sort out whether brushing teeth at night or flossing
was more important we looked at both together. Among
subjects who brushed their teeth at night everyday, never
flossing conferred a significantly increased risk of death
of about 25% compared with those who flossed everyday.
Among subjects who used dental floss everyday, those
never brushing their teeth at night had similarly higher
risk than subjects who brushed everyday, but the risk was
not statistically significant. However, the numbers never
brushing were small, 33 men and 63 women, and the
estimates of risk were similar to that of the all subjects who
never brushed at night. Never brushing teeth at night and
never flossing remained significant risk factors after adjusting
for adequate dentition. The risk of not brushing was 1.29
(95% CI 1.10–1.51) in men and 1.18 (95% CI 1.01–1.36) in
women. The risk of not flossing was 1.25 (95%CI 1.08–1.43)
in men and 1.29 (95% CI 1.16–1.42) in women.
Table 4 shows the HRs for the dental health behaviors
in individuals with dentures. Never cleaning dentures was a
significant risk factor in men (HR = 1.25) but not in women.
Use of mouthwash had no effect on mortality.
Compared with having visited a dentist twice in the last
12 months, not seeing a dentist was associated with a higher
(25–50%) risk of death in both men and women and in
both those with teeth and those with dentures. The risk was
slightly higher in men than women and in those with teeth
than in those with dentures.
4. Discussion
Our study extends the available literature on the survival
benefits of adequate dentition, use of dentures among those
without adequate natural masticatory function, brushing
teeth at night before bed, and flossing in the elderly. Each of
these was associated with reduced death in our elderly men
and women. Although brushing teeth at night before bed
and flossing were correlated (r = 0.23), each independently
predicted risk.
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Table 3: Hazard ratios for mortality by dental health behaviors among subjects with teeth, Leisure World Cohort Study, 1992–2009.
Men Women
No.
Model 1∗ Model 2∗
No.
Model 1∗ Model 2∗
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Brush my teeth in the morning
Everyday 1196 1.00 1.00 3014 1.00 1.00
Sometimes 176 1.03 0.87–1.21 1.08 0.91–1.29 250 1.14 0.99–1.31 1.13 0.98–1.30
Never 171 0.94 0.79–1.12 0.95 0.80–1.12 203 0.99 0.85–1.15 151.01 0.86–1.17
Brush my teeth at night before bed
Everyday 1112 1.00 1.00 2895 1.00 1.00
Sometimes 222 1.17 1.01–1.37 1.13 0.97–1.32 350 1.17 1.03–1.32 1.13 1.00–1.28
Never 209 1.36 1.16–1.58 1.34 1.14–1.57 222 1.19 1.02–1.38 1.19 1.02–1.38
Brush my teeth during the day
Everyday 265 1.00 1.00 965 1.00 1.00
Sometimes 521 0.99 0.85–1.16 0.95 0.81–1.12 1498 1.01 0.92–1.10 0.98 0.90–1.07
Never 757 1.09 0.94–1.26 1.06 0.91–1.23 1004 1.14 1.03–1.25 1.10 1.00–1.21
Use dental floss
Everyday 462 1.00 1.00 1572 1.00 1.00
Sometimes 603 1.18 1.03–1.34 1.14 1.00–1.30 1226 1.05 0.97–1.14 1.03 0.95–1.12
Never 478 1.31 1.15–1.50 1.27 1.11–1.46 669 1.31 1.19–1.45 1.28 1.16–1.42
Use mouth wash
Everyday 400 1.00 1.00 1134 1.00 1.00
Sometimes 543 0.99 0.87–1.14 1.01 0.88–1.16 1249 1.00 0.91–1.09 0.98 0.90–1.07
Never 600 0.92 0.80–1.05 0.93 0.81–1.07 1084 0.98 0.89–1.07 1.00 0.91–1.10
Use a tooth pick
Everyday 363 1.00 1.00 710 1.00 1.00
Sometimes 661 0.93 0.81–1.07 0.95 0.83–1.10 1306 0.99 0.89–1.10 0.98 0.88–1.09
Never 519 1.00 0.87–1.15 1.01 0.88–1.16 1451 1.05 0.95–1.16 1.04 0.94–1.15
Brush my teeth
Everyday
morning, day
and night
217 1.00 1.00 870 1.00 1.00
Everyday
morning and
night, not
everyday day
646 1.06 0.90–1.24 1.01 0.86–1.20 1679 1.04 0.95–1.14 1.01 0.93–1.11
Everyday
night, not
everyday
morning/day
249 0.96 0.80–1.17 0.96 0.79–1.17 346 1.00 0.87–1.14 0.98 0.86–1.13
Everyday
morning/day,
not everyday
night
350 1.26 1.06–1.51 1.19 0.99–1.43 496 1.13 1.00–1.28 1.09 0.97–1.24
Not everyday 81 1.41 1.08–1.83 1.37 1.05–1.80 76 1.91 1.49–2.44 1.77 1.38–2.28
Brush my teeth at night before bed among subjects who use dental floss everyday
Everyday 403 1.00 1.00 1432 1.00 1.00
Sometimes 26 1.20 0.79–1.82 1.28 0.82–1.99 77 0.94 0.72–1.23 0.87 0.66–1.15
Never 33 1.36 0.92–1.99 1.33 0.87–2.01 63 1.23 0.93–1.62 1.21 0.91–1.60
Use dental floss among subjects who brush teeth at night before bed everyday
Everyday 403 1.00 1.00 1432 1.00 1.00
Sometimes 422 1.17 1.01–1.36 1.14 0.98–1.33 988 1.04 0.95–1.14 1.02 0.93–1.12
Never 287 1.26 1.08–1.48 1.25 1.06–1.48 475 1.24 1.11–1.39 1.20 1.07–1.34
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Table 3: Continued.
Men Women
No.
Model 1∗ Model 2∗
No.
Model 1∗ Model 2∗
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Number of dental visits within the last 12 months
2+ 1173 1.00 1.00 2671 1.00 1.00
1 235 1.05 0.91–1.22 1.06 0.91–1.23 505 1.04 0.94–1.16 1.07 0.96–1.18
0 135 1.48 1.23–1.79 1.46 1.21–1.77 291 1.33 1.17–1.51 1.31 1.14–1.50
∗
Model 1: adjusted for age at entry.
Model 2: adjusted for age at entry, smoking, alcohol, caffeine, active activities, other activities, body mass index, high blood pressure, angina, heart attack,
stroke, diabetes, rheumatoid arthritis, and cancer.
Table 4: Hazard ratios for mortality by dental health behaviors among subjects with dentures, Leisure World Cohort Study, 1992–2009.
Men Women
No.
Model 1∗ Model 2∗
No.
Model 1∗ Model 2∗
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Clean my dentures
Everyday 743 1.00 1.00 1443 1.00 1.00
Sometimes 90 1.11 0.88–1.39 1.11 0.87–1.40 87 1.13 0.91–1.42 1.09 0.87–1.38
Never 165 1.23 1.03–1.46 1.24 1.03–1.48 531 0.85 0.76–0.94 0.87 0.78–0.97
Use mouth wash
Everyday 297 1.00 1.00 751 1.00 1.00
Sometimes 308 0.91 0.77–1.08 0.93 0.78–1.10 668 0.95 0.85–1.07 0.95 0.85–1.06
Never 393 0.99 0.84–1.15 1.02 0.87–1.20 642 0.96 0.86–1.08 0.99 0.88–1.11
Number of dental visits within the last 12 months
2+ 612 1.00 1.00 1310 1.00 1.00
1 137 1.04 0.86–1.26 1.09 0.89–1.33 299 1.09 0.95–1.25 1.10 0.96–1.26
0 249 1.33 1.14–1.55 1.23 1.05–1.45 452 1.26 1.12–1.42 1.20 1.07–1.35
∗
Model 1: adjusted for age at entry.
Model 2: adjusted for age at entry, smoking, alcohol, caffeine, active activities, other activities, body mass index, high blood pressure, angina, heart attack,
stroke, diabetes, rheumatoid arthritis, and cancer.
In the present study, the associations between mortality
and the number of teeth and the dental health behaviors
were to a large extent independent of established risk factors
for mortality. Although lifestyle factors such as smoking,
alcohol, and caffeine consumption play important roles in
relation to both survival and dental health, the HRs adjusted
for these and other confounders were similar to those
adjusted for age only. Conscientiousness and other personal-
ity traits undoubtedly play a role in health-related behaviors
and longevity [32, 33]. However, that only toothbrushing at
night and flossing and not toothbrushing in the morning
and using mouth wash were related to reduced risk of death
suggests that these behaviors are directly related to longevity.
We acknowledge several limitations in our study. All
variables used in the analyses are self-reported; we performed
no dental examinations. However, previous studies in our
population and others support the reliability of self-reported
number of teeth [10], health practices and drug usage [29],
medical history of major chronic disease [29, 30], and height
and weight [29]. Another limitation is that changes over time
in all potential risk factors may affect outcome. Additionally,
the subjects in our study were mostly white, highly educated,
and of middle-class social-economic status (SES), and there-
fore not representative of the general population. Although
this may limit the generalizability of our results, it offers
the advantage of reduced potential confounding by race,
education, SES, and presumed access to health care. Tooth
loss is typically the result of trauma, caries, or periodontal
disease and is correlated with lower SES. Confounding by
SES is unlikely to explain our results. Nonetheless, although
we adjusted for other risk and potential confounding factors,
unrecognized and uncontrolled confounders cannot be ruled
out in this or any observational study.
This cohort has the advantages of population-based
prospective design, large sample size, inclusion of men and
women, and data on several potential confounders, including
lifestyle practices and chronic disease history previously
found to be related to mortality. The long and almost
complete followup of the cohort resulted in a large number
of outcome events.
Previous studies have identified dental factors that
promote health and increase longevity (Table 5) [1–11].
Generally, the smaller the number of teeth the higher the
risk of death. The robustness of the finding is illustrated by
Journal of Aging Research 7
T
a
bl
e
5:
St
u
di
es
w
h
ic
h
ev
al
u
at
ed
th
e
re
la
ti
on
sh
ip
be
tw
ee
n
de
n
ti
ti
on
st
at
u
s
an
d
al
l-
ca
u
se
m
or
ta
lit
y
in
th
e
el
de
rl
y.
Fi
rs
t
au
th
or
ye
ar
[r
ef
]
Po
pu
la
ti
on
Sa
m
pl
e
si
ze
Fo
llo
w
u
p
(y
ea
rs
)
A
ge
(y
ea
rs
)
St
ra
ti
fi
ca
ti
on
an
d
ad
ju
st
m
en
ta
D
en
ta
le
xa
m
%
ed
en
tu
lo
u
s
m
ea
n
/m
ed
ia
n
n
o.
of
te
et
h
H
az
ar
d
ra
ti
o
(9
5%
co
n
fi
de
n
ce
in
te
rv
al
)
A
pp
ol
lo
n
io
19
97
[1
]
B
re
sc
ia
,I
ta
ly
11
37
6.
5
70
–7
5
Se
x,
n
u
tr
it
io
n
,s
m
ok
in
g,
fu
n
ct
io
n
al
st
at
u
s,
an
d
h
ea
lt
h
se
rv
ic
e
u
ti
liz
at
io
n
,e
du
ca
ti
on
,S
E
S
Ye
s
Fe
m
al
es
on
ly
0.
67
(0
.3
9–
1.
15
)
fo
r
ad
eq
u
at
e
de
n
ti
ti
on
0.
83
(0
.5
4–
1.
27
)
fo
r
in
ad
eq
u
at
e
w
it
h
de
n
tu
re
s
ve
rs
u
s
in
ad
eq
u
at
e
w
it
h
ou
t
de
n
tu
re
s
Sh
im
az
ak
i
20
01
[2
]
K
it
ak
yu
sh
u
C
it
y,
Ja
pa
n
17
62
6
59
–1
07
A
ge
,s
ex
,p
hy
si
ca
lm
en
ta
l-
h
ea
lt
h
st
at
u
s,
ca
rd
io
va
sc
u
la
r
di
se
as
e,
m
u
sc
u
lo
sk
el
et
al
di
se
as
e,
an
d
in
st
it
u
ti
on
,o
th
er
ch
ro
n
ic
di
se
as
es
Ye
s
52
%
1.
8
(1
.1
–2
.8
)
fo
r
0
te
et
h
w
it
h
ou
t
de
n
tu
re
s
1.
3
(0
.8
–2
.4
)
fo
r
0
te
et
h
w
it
h
de
n
tu
re
s
1.
5
(0
.9
–2
.4
)
fo
r
1–
19
w
it
h
ou
t
de
n
tu
re
s
1.
3
(0
.8
–2
.0
)
fo
r
1–
19
te
et
h
w
it
h
de
n
tu
re
s
ve
rs
u
s
20
+
te
et
h
H
a¨m
a¨l
a¨i
n
en
20
03
[3
]
Jy
va¨
sk
yl
a¨,
Fi
n
la
n
d
22
6
10
80
Se
x,
n
u
m
be
r
of
ch
ro
n
ic
di
se
as
es
,
se
lf
-r
at
ed
h
ea
lt
h
Ye
s
59
%
M
ea
n
=
11
.8
in
de
n
ta
te
2.
67
(1
.1
5–
6.
22
)
fo
r
1–
19
te
et
h
2.
56
(1
.1
2–
5.
85
)
fo
r
0
te
et
h
ve
rs
u
s
20
+
te
et
h
(u
n
iv
ar
ia
te
an
al
ys
is
)
1.
03
(1
.0
0–
1.
05
)
pe
r
m
is
si
n
g
to
ot
h
(a
dj
u
st
ed
)
C
ab
re
ra
20
05
[4
]
G
o¨t
eb
or
g,
Sw
ed
en
14
17
24
38
,4
6,
50
,
54
,6
0
A
ge
,S
E
S
Ye
s
1.
27
(1
.0
9–
1.
47
)
fo
r
>
10
m
is
si
n
g
te
et
h
W
om
en
on
ly
M
ed
ia
n
=
20
N
ak
an
is
h
i
20
05
[5
]
Se
tt
su
Ja
pa
n
14
05
9
65
+
Se
x,
ag
e,
ov
er
al
ld
is
ab
ili
ty
,u
se
of
de
n
ta
lh
ea
lt
h
ch
ec
ks
,u
se
of
ge
n
er
al
h
ea
lt
h
ch
ec
ks
,d
ai
ly
h
ea
lt
h
pr
om
ot
io
n
pr
ac
ti
ce
s,
pa
rt
ic
ip
at
io
n
in
so
ci
al
ac
ti
vi
ti
es
,l
if
e
w
or
th
liv
in
g,
fi
n
di
n
g
re
la
ti
on
sh
ip
s
w
it
h
pe
op
le
di
ffi
cu
lt
N
o
1.
63
(1
.3
0–
2.
03
)
fo
r
se
lf
-a
ss
es
se
d
m
as
ti
ca
to
ry
di
sa
bi
lit
y
ve
rs
u
s
n
o
di
sa
bi
lit
y
A
bn
et
20
05
[6
]
L
in
xi
an
,C
h
in
a
29
58
4
15
44
–5
9
Se
x,
ag
e,
an
d
sm
ok
in
g
Ye
s
in
th
os
e
re
po
rt
-
in
g
m
is
si
n
g
te
et
h
m
ed
ia
n
=
26
1.
07
(1
.0
1–
1.
14
)
in
fe
m
al
es
1.
09
(0
.9
8–
1.
21
)
in
m
al
e
n
ev
er
-s
m
ok
er
s
1.
24
(1
.1
6–
1.
32
)
in
m
al
e
ev
er
-s
m
ok
er
s
fo
r
lo
ss
of
>
ag
e-
sp
ec
ifi
c
m
ed
ia
n
of
n
u
m
be
r
of
te
et
h
8 Journal of Aging Research
T
a
bl
e
5:
C
on
ti
n
u
ed
.
Fi
rs
t
au
th
or
ye
ar
[r
ef
]
Po
pu
la
ti
on
Sa
m
pl
e
si
ze
Fo
llo
w
u
p
(y
ea
rs
)
A
ge
(y
ea
rs
)
St
ra
ti
fi
ca
ti
on
an
d
ad
ju
st
m
en
ta
D
en
ta
le
xa
m
%
ed
en
tu
lo
u
s
m
ea
n
/m
ed
ia
n
n
o.
of
te
et
h
H
az
ar
d
ra
ti
o
(9
5%
co
n
fi
de
n
ce
in
te
rv
al
)
H
a¨m
a¨l
a¨i
n
en
20
05
[7
]
Jy
va¨
sk
yl
a¨,
Fi
n
la
n
d
94
5
85
N
u
m
be
r
of
ch
ro
n
ic
di
se
as
es
,u
rg
en
t
n
ee
d
of
de
n
ta
lt
re
at
m
en
t,
an
d
se
x,
se
lf
-r
at
ed
h
ea
lt
h
,e
du
ca
ti
on
,F
E
V
,
E
SR
,C
P
IT
N
Ye
s
39
%
M
,6
0%
F
0.
93
(0
.8
7–
0.
99
)
fo
r
n
u
m
be
r
of
te
et
h
Yo
sh
id
a
20
05
[8
]
K
u
re
C
it
y,
Ja
pa
n
10
30
8
M
ea
n
=
74
Se
x,
ag
e
Ye
s
0.
78
(0
.6
0–
0,
99
)
fo
r
ad
eq
u
at
e
oc
cl
u
si
on
1.
08
(0
.8
5–
1.
36
)
fo
r
in
su
ffi
ci
en
to
cc
lu
si
on
ve
rs
u
s
n
o
oc
cl
u
si
on
1.
52
(1
.2
4–
1.
83
)
fo
r
de
n
tu
re
n
on
-u
se
rs
ve
rs
u
s
de
n
tu
re
u
se
s
am
on
g
th
os
e
w
it
h
n
o
oc
cl
u
si
on
w
it
h
th
ei
r
ow
n
te
et
h
M
or
it
a
20
06
[9
]
To
ko
n
am
e,
Ja
pa
n
11
8
6.
5
M
ea
n
=
82
M
at
ch
ed
on
se
x,
ag
e,
h
ea
lt
h
st
at
u
s,
liv
in
g
en
vi
ro
n
m
en
t;
ad
ju
st
ed
fo
r
sm
ok
in
g,
al
co
h
ol
21
%
M
,3
0%
F
2.
71
(1
.0
5–
7.
05
)
fo
r
<
20
ve
rs
u
s
≥
20
te
et
h
in
m
al
es
;n
ot
si
gn
ifi
ca
n
ti
n
fe
m
al
es
O¨
st
er
be
rg
20
07
[1
0]
G
lo
st
ru
p,
D
en
m
ar
k
Jy
va¨
sk
yl
a¨,
Fi
n
la
n
d
G
o¨t
eb
or
g,
Sw
ed
en
10
44
7
75
Se
x,
lo
ca
ti
on
,s
m
ok
in
g,
B
M
I,
se
lf
-a
ss
es
se
d
h
ea
lt
h
,p
hy
si
ca
l
ac
ti
vi
ty
,c
ir
cu
la
ti
on
di
se
as
e,
A
D
L
N
o
45
%
,5
8%
,2
3%
in
th
e
3
lo
ca
ti
on
s
0.
80
(0
.7
2–
0.
89
)
am
on
g
fe
m
al
es
0.
92
(0
.8
4–
1.
01
)
am
on
g
m
al
es
fo
r
n
u
m
be
r
of
te
et
h
an
d
ad
ju
st
ed
on
ly
fo
r
lo
ca
ti
on
0.
87
(0
.7
8–
0.
97
)
fo
r
w
om
en
fu
lly
ad
ju
st
ed
;
n
ot
si
gn
ifi
ca
n
ti
n
m
en
O¨
st
er
be
rg
20
08
[1
1]
G
o¨t
eb
or
g,
Sw
ed
en
18
03
7
70
Se
x,
is
ch
em
ic
h
ea
rt
di
se
as
e,
n
u
m
be
r
of
dr
u
gs
,p
la
sm
a
gl
u
co
se
,b
lo
od
h
em
og
lo
bi
n
,s
er
u
m
tr
ig
ly
ce
ri
de
s,
B
M
I,
fe
el
in
g
n
ot
h
ea
lt
hy
an
d
ot
h
er
s
Ye
s
16
%
to
38
%
in
4
bi
rt
h
co
h
or
ts
M
al
es
Fe
m
al
es
7-
ye
ar
m
or
ta
lit
y
0.
65
(0
.4
6–
0.
91
)
0.
71
(0
.4
2–
1.
20
)
fo
r
1–
9
0.
51
(0
.3
6–
0.
74
)
0.
65
(0
.4
1–
1.
02
)
fo
r
10
–1
9
0.
38
(0
.2
4–
0.
60
)
0.
36
(0
.1
9–
0.
66
)
fo
r
20
–3
2
ve
rs
u
s
0
te
et
h
18
Se
x,
is
ch
em
ic
h
ea
rt
di
se
as
e,
n
u
m
be
r
of
dr
u
gs
,h
yp
er
te
n
si
on
,p
la
sm
a
gl
u
co
se
,b
lo
od
h
em
og
lo
bi
n
,
sm
ok
in
g,
so
ci
al
ac
ti
vi
ty
,a
n
d
ot
h
er
s
18
-y
ea
r
m
or
ta
lit
y
1.
02
(0
.8
2–
1.
27
)
0.
81
(0
.6
1–
1.
07
)
fo
r
1–
9
0.
74
(0
.5
8–
0.
94
)
0.
94
(0
.7
4–
1.
20
)
fo
r
10
–1
9
0.
64
(0
.4
8–
0.
84
)
0.
70
(0
.5
1–
0.
96
)
fo
r
20
–3
2
ve
rs
u
s
0
te
et
h
Pa
ga
n
in
i-
H
ill
(c
u
rr
en
t
st
u
dy
)
Le
is
u
re
W
or
ld
,C
al
if
or
n
ia
,U
SA
56
11
17
52
–1
05
Se
x,
ag
e,
sm
ok
in
g,
al
co
h
ol
,c
aff
ei
n
e,
ex
er
ci
se
,B
M
I,
7
ch
ro
n
ic
di
se
as
es
N
o
Se
e
pr
ev
io
u
s
ta
bl
es
.
11
%
m
ed
ia
n
=
24
a
So
m
e
in
cl
u
d
ed
on
ly
si
gn
ifi
ca
n
tv
ar
ia
bl
es
in
th
e
m
u
lt
iv
ar
ia
te
m
od
el
s.
T
ho
se
no
t
in
cl
u
de
d
ar
e
pr
ec
ed
ed
by
an
d.
SE
S:
so
ci
oe
co
n
om
ic
st
at
u
s,
FE
V
:f
or
ce
d
re
sp
ir
at
or
y
vo
lu
m
e,
E
SR
:e
ry
th
ro
cy
te
se
di
m
en
ta
ti
on
ra
te
,C
P
IT
N
:c
om
m
u
n
it
y
pe
ri
od
on
ta
li
n
de
x
of
tr
ea
tm
en
t
n
ee
ds
,B
M
I:
bo
dy
m
as
s
in
de
x,
A
D
L:
ac
ti
vi
ti
es
of
da
ily
liv
in
g.
Journal of Aging Research 9
the various populations studied (Italy [1], Scandinavia [3, 4,
7, 10, 11], Japan [2, 5, 8, 9], China [6], and USA (present
study)), the different classification schemes for number of
teeth, the proportion of subjects edentulous (11 to 60%),
the mean/median number of teeth (11 to 26), the length
of followup (5 to 24 years), the ages of the subjects (38 to
105), and the adjustments made for a wide variety of health
and lifestyle founders that could be potential confounders.
Some studies have found significant effects only in one sex
group [1, 9, 10]. However, as in our study, loss of teeth is
generally seen as a mortality risk factor in both men and
women. The number of teeth appears to be a significant
predictor of mortality independent of age, sex, education,
SES, physical and mental health, body mass index, physical
activity, smoking, alcohol consumption, caffeine intake, and
country of origin.
Edentulous men and women in our study had a 30%
increased 17-year mortality risk compared with those with
20+ teeth. In Sweden, edentulous subjects had 2.8 (95% CI
2.0–4.0) times greater 7-year mortality risk [11], similar to
the Finnish study for 10-year mortality [3]. The 18-mortality
risk in a Swedish study was lower at about 1.5 (95%CI = 1.1–
2.8) times, similar to our finding of 1.3. This suggests that
change over time in the risk factor may affect outcome.
Although the wearing of dentures may have a beneficial
effect on mastication in those who have lost teeth, our study
and others [1, 2] suggest that prostheses do not sufficiently
compensate in terms of survival. Our study showed that
edentulous subjects (virtually all who had prostheses) had
an increase in mortality of 1.3 compared with those with 20
or more teeth. The corresponding ratio in Shimazaki et al.
[2] was 1.3 (adjusted for physical-mental health status) and
1.2 compared with adequate natural dentition in Appollonio
et al. [1]. Although in one Japanese study [8], the risk of
mortality among denture non-users was 1.52-times (95%
CI = 1.24–1.83) higher than the risk for denture wearers
in subjects who had no occlusal contact (with or without
remaining teeth), the group as a whole had 1.3-times 8-year
mortality rate of subjects who retained adequate occlusal
contacts.
Most of themissing teeth of an elderly subject would have
been infected before tooth loss or extractions, and, hence, the
number of missing teeth would be a surrogate for previous
dental infection. Poor dental status (periodontitis, dental
bacteraemia, and oral mucosal infections) links with heart
disease, stroke, atherosclerosis, pneumonia, other respiratory
disease, and mortality (for a review see [12]). Oral infections
may trigger systemic inflammatory reactions and death.
Poorer masticatory ability and nutrient intakemay also affect
general health and survival.
Our study also found that several dental health behaviors
were related to mortality. Not visiting a dentist within the
last 12 months was significantly related to increased (30–50%
higher) mortality in both men and women and in both those
with teeth and those with dentures. In a study in Settsu, Japan
[5], not using dental health checks was also associated with
mortality (HR = 1.4, 95% CI 0.98–1.92).
Oral hygiene measures used in conjunction with regular
professional care can prevent caries and most periodontal
disease [34]. Toothbrushing and flossing are the most com-
monly used measures. Toothbrushing with a fluoride tooth-
paste helps prevent caries and dental floss is the most
effective means of removing interdental plaque and reducing
interdental gingival inflammations. Our study highlights the
advantages on longevity of brushing at night and of flossing
everyday.
Although not establishing a cause and effect relationship
between mortality and dental status and behaviors, these
strong and statistically persistent associations of dental health
and mortality provide another basis for encouraging oral
health and hygiene and use of dentures. One marker of
successful ageing is themaintenance of a natural, healthy, and
functional dentition. Retaining healthy teeth not only helps
inmastication, nutrition, aesthetics, and self-esteem, but also
appears to promote survival.
5. Conclusion
Results in this large elderly cohort with long followup
showing a decreased risk of mortality with several dental
health behaviors, number of teeth, and dentures suggest that
maintenance of good oral hygiene is an important health
promoter in aging populations.
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